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Description 

[BEAMSPLITTER UTILIZING A PERIODIC 
DIELECTRIC STRUCTURE] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The invention relates in general to an optical device, and 
more particularly, to an optical device utilizing a periodic 
dielectric structure. 

[0003] Related Art of the Invention 

[0004] | n recent years, photonic crystals have attracted many re- 
search workers by its excellent manipulation for photons. 
A variety of effects on photons by photonic crystals is 
caused by the structures and materials of the photonic 
crystals. Photonic crystals are periodic optical materials, 
e.g., periodic dielectric materials. The characteristic defin- 
ing a photonic crystal structure is the periodic arrange- 
ment of dielectric or metallic elements along one or more 
axes. Thus, photonic crystals can be one-, two-, and 



three-dimensional. Most commonly, photonic crystals are 
formed from a periodic lattice of dielectric material. When 
the dielectric constants of the materials forming the lat- 
tice are different (and the materials absorb minimal light), 
the effects of scattering and Bragg diffraction at the lattice 
interfaces control the propagation of optical signals 
through the structure. These photonic crystals can be de- 
signed to prohibit optical signals of certain frequencies 
from propagating in certain directions within the crystal 
structure. The range of frequencies for which propagation 
is prohibited is known as the photonic bandgap. 
[0005] | n general, photonic crystals are provided for controlling 
the propagation and the intensity on the propagation di- 
rection of the light. A variety of devices constructed by 
photonic crystals had been studied such as waveguides, 
filters, multiplexers and optical fibers etc. Low loss, small 
size, and ingenuity are the main advantages of photonic 
crystals. 

[0006] An important purpose of photonic crystal is beamsplitter. 
To divide the input power identically, many kinds of 
beamsplitters have been proposed, such as T-type, Y- 
type and cross-type photonic crystal beamsplitters. Refer- 
ring to FIG. IB to ID, schematic drawings of conventional 



T-type, Y-type and cross-type photonic crystal beam- 
splitters are illustrated respectively. Nevertheless, the 
conventional beamsplitters are either one input and two 
outputs or one input and three outputs, and a photonic 
crystal with at least two inputs and at least two outputs, 
e.g., a beamsplitter used in a Mach-Zehnder interferome- 
ter has become more and more important. Referring to 
FIG. 1A, a beamsplitter 100 used in a Mach-Zehnder in- 
terferometer is shown, in which the light may be input 
from the ports 102, 104, and output lights can be ob- 
tained simultaneously at the ports 106 and 108. More- 
over, the light also can be input from the port 102 and 
104 simultaneously, and output lights can be obtained si- 
multaneously at the ports 106 and 108. Therefore, a pho- 
tonic crystal beamsplitter with at least two inputs and at 

least two outputs is provided in this invention. 
Summary of Invention 

[0007] Accordingly, the present invention provides an optical de- 
vice having photonic crystal structure with at least two in- 
puts and at least two outputs, in which output lights can 
be obtained and adjusted simultaneously at the output 
ports by optimizing the photonic crystal structure. More- 
over, the output powers having identical intensities can 



also be achieved. 

[0008] | n order to achieve the above objects and other advan- 
tages of the present invention, an optical device is pro- 
vided. The optical device is constructed by photonic crys- 
tal, in which consists of a plurality of rods, at least two 
light input ports, at least two light output ports, a light 
path and a defect of rod located in the light path. Accord- 
ing to a preferred embodiment of the invention, the opti- 
cal device may be provided as a beamsplitter in which 
each one of the input light is split into at least two output 
lights with identical powers. 

[0009] | n an embodiment of the invention, the powers of the out- 
put lights can be optimized by adjusting the photonic 
crystal structure. Preferably, the powers of the output 
lights of the output ports can be identical or different. 

[0010] Preferably, the optical device includes two input ports, 

and more particularly, the two input ports are orthogonal. 
Preferably, the optical device includes two output ports, 
and more particularly, the two output ports are orthogo- 
nal. 

[0011] in another embodiment of the invention, an optical device 
is provided. The optical device is constructed by photonic 
crystal, in which consists of a plurality of holes, at least 



two light input ports, at least two light output ports, a 
light path and a defect of hole located in the light path. 
The optical device may also be provided as a beamsplitter 
in which each one of the input light is split into at least 
two output lights with identical powers. 

[0012] | n an embodiment of the invention, the powers of the out- 
put lights can be optimized by adjusting the photonic 
crystal structure. Preferably, the powers of the output 
lights of the output ports can be identical or different. 

[0013] Preferably, the optical device includes two input ports, 

and more particularly, the two input ports are orthogonal. 
Preferably, the optical device includes two output ports, 
and more particularly, the two output ports are orthogo- 
nal. 

[0014] Accordingly, in the preferred embodiment of the inven- 
tion, when a defect is introduced to a photonic crystal, the 
optimized structure can be obtained to adjust the phase 
and the power of the output lights. A variety of optical de- 
vices having a plurality of input ports and output ports 
described above also can be realized by optimizing the 
structures of the photonic crystal structures in the optical 
devices. 

[0015] ^ is to be understood that both the foregoing general de- 



scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] FIG. 1A is a sketch illustrating a beamsplitter used in a 
Mach-Zehnder interferometer. 

[0018] FIG. IB to ID illustrate schematic drawings of conven- 
tional T-type, Y-type and cross-type photonic crystal 
beamsplitters respectively. 

[0019] FIG. 2 is a perspective view illustrating photonic crystals 

having a plurality of rods according to a preferred embod- 
iment of the invention. 

[0020] FIG. 3 is a top view of FIG. 2 according to a preferred em- 
bodiment of the invention. 

[0021] FIG. 4 is a simulation diagram of the propagation of light 
in the photonic crystal shown in FIG. 3 according to a pre- 
ferred embodiment of the invention. 



[0022] FIG. 5 is a simulation diagram of the propagation of light 
in the photonic crystal shown in FIG. 3 according to a pre- 
ferred embodiment of the invention. 

[0023] FIG. 6 is an optimization result of the power of lights out- 
putted from the photonic crystal shown in FIG. 3 and FIG. 

4 according to a preferred embodiment of the invention. 
[0024] FIG. 7 is an optimization result of the power of lights out- 
putted from the photonic crystal shown in FIG. 3 and FIG. 

5 according to a preferred embodiment of the invention. 
[0025] FIG. 8 is an optimization result of the power of lights out- 
putted from the photonic crystal shown in FIG. 3 accord- 
ing to a preferred embodiment of the invention. 

[0026] FIG. 9 is a perspective view illustrating photonic crystals 
having a plurality of holes according to a preferred em- 
bodiment of the invention. 
Detailed Description 

[0027] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 



thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. Moreover, each embodi- 
ment described and illustrated herein includes its comple- 
mentary conductivity type embodiment as well. 
[0028] FIG. 2 is a perspective view illustrating photonic crystals 

having a plurality of rods according to a preferred embod- 
iment of the invention. Referring to FIG. 2, a photonic 
crystal 200 comprising a plurality of rods 202, a defect of 
rod 204, a light path 206, two input ports 212, 214 and 
two output ports 216, 218. FIG. 3 is a top view of FIG. 2 
according to a preferred embodiment of the invention, 
and like elements in FIG. 3 refers to like numbers in FIG. 
2. 

[0029] A finite-difference time-domain ("FDTD") method is used 
to calculate the propagation of the lights in an optical de- 
vice as shown in FIG. 2 and FIG. 3. The lattice constant, 
i.e., the center-to-center distance of the nearest rods 202 
is L, and the radius of the rods 202 is 0.2L. The electric 
field polarization of the light is chosen parallel to the rods 
202, and the wavelength of the input light is chosen in the 
forbidden bandgap of the photonic crystal structure 200 
to be 2.5L, and the predetermined wavelength also en- 



sures single mode operation in the light propagation pro- 
cedure. The reflective index of the rod 202 is 3, and that 
of the air is 1. The initial condition of the radius R and the 
position of the defect is set at 0.2L and a position having 
a vector 0.83LI + 0.83LJ from the center of the rod 308, in 
which the vectors I and J are the unit vectors shown in FIG. 
3. Thus the angle of the vector between with the unit vec- 
tor I is 45° and the distance D between the centers of the 
rod 308 and the defect 204 is 1.18L. FIG. 4 and FIG. 5 are 
simulation diagrams of the propagation of lights in the 
photonic crystal shown in FIG. 3 using the conditions de- 
scribed above and the FDTD method. Referring to FIG. 4, 
as the input light is launched in the input port 212, the 
light can be observed in the output ports 216 and 218. In 
FIG. 5, as the input light is launched in the input port 214, 
the light can also be observed in the output ports 216 and 
218. In the proceeding optimization procedure, the angle 
of the vector with the unit vector I is set at 45°, the radius 
R and the distance D are optimized in order to equalize 
the power of the lights of the output ports 216 and 218. 
[0030] FIG. 6 is an optimization result of the power of lights out- 
putted from the photonic crystal structure shown in FIG. 3 
and FIG. 4. In FIG. 6, the light is inputted from the input 



port 212, and the output power detected in the port 214, 
216 and 218 are P214, P216 and P218 respectively. The 
solid line in FIG. 6 shows the corresponding radius R of 
the defect 204 for each distance D as the powers P216 
and P218 of the two output ports 216 and 218 are identi- 
cal. The result indicates that the corresponding radius of 
the defect 204 decrease with the increase of the distance 
D to equalize the power of the two output ports 216 and 
218. The dotted line in FIG. 6 shows the ratio Rl of the 
power P214 to the sum of the output powers of P214, 
P216 and P218 for each distance D, i.e., 
P214/(P214+P216+P218). The minimum power P214 can 
be obtained as the distance D is around 0.83L and 0.90L 
where the power ratio is about 2%. Accordingly, the power 
ratio Rl can be maintained at about 2% in a wide range of 
the radius R and the distance D. 
[0031] FIG. 7 is an optimization result of the power of lights out- 
putted from the photonic crystal structure shown in FIG. 3 
and FIG. 5. The optimized radii R for each distance D ob- 
tained in FIG .6 are used to simulate the condition in FIG. 
5. FIG. 7 shows the power ratio R2 of the power difference 
to the power summation of the two output ports 216 and 
218 of FIG. 5, i.e., (P216-P218)/(P216+P218). The result 



in FIG. 7 indicates that as the powers P216 and P218 in 
FIG. 4 are equalized, using the same parameters R and D 
in FIG. 5, the power P216 and P218 may not be identical. 
The power ratio R2 is minimized to be around 0.6% as the 
radius R and the distance D are 0.83L and 0.28L respec- 
tively. 

[0032] with the optimize condition obtained above, two lights are 
inputted from the input ports 212 and 214 in FIG. 2. By 
varying the phase difference between the two input ports 
212 and 214, the powers in the two output ports 216 and 
218 are changed. FIG. 8 shows the powers outputted from 
the two output ports 216 and 218, in which a sinusoidal 
relation between the output powers P216 and P218 and 
the phase difference indicating the interference effect can 
be obtained in the photonic crystal structure 200. 

[0033] According to another embodiment of the invention, an 
optical device having a photonic crystal structure as 
shown in FIG. 9 has also been optimized. FIG. 9 is a per- 
spective view illustrating photonic crystals having a plu- 
rality of holes according to a preferred embodiment of the 
invention. The photonic crystal structure of FIG. 9 is simi- 
lar to that of the FIG. 2, but only the rods in FIG .2 are re- 
placed by holes in FIG. 9. Thus the top view of FIG. 9 is 



similar to that of FIG. 2, as shown in FIG. 3. Accordingly, a 
similar result as described above can also be obtained, 
and will not be described in detail hereinafter. 
[0034] Accordingly, in the preferred embodiment of the inven- 
tion, when a defect is introduced to a photonic crystal, the 
optimized structure can be obtained to adjust the phase 
and the power of the output lights. A variety of optical de- 
vice having a plurality of input ports and output ports de- 
scribed above also can be realized by optimizing the 
structure of the photonic crystal structures in the optical 
device. 

[0035] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



